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ABSTRACT

Northern Chile is characterized by water scarcity. The Lluta River, located in the XV region of Arica and Parinacota, is the one of the main rivers in northern
Chile. The elevated levels of metals and metaloids in the river reduce the agricultural productivity and variety of species can be cultivated within the valley, which
are of great importance for the consumption of the inhabitants of the area.

Heavy metals in river bottoms may cause various effects on the water quality, as such the capacity to accumulate metals; levels of toxicity and metal
stabilization in sediments have often been considered a pollution index of a territory.

In this work the concentrations of Al, Cu, Fe, Mn, Mo, Pb and Zn from the pseudo-total and labile fraction of Lluta river sediments were studied. Samples
from 10 sites along the river were collected. The sediments were characterized determining: pH, electrical conductivity, organic carbon (OC), organic total carbon
(OTC), available phosphorus and boron. Heavy metals were analyzed by Atomic Absorption Spectroscopy (AAS).

For the metals analyzed in the pseudo-total fraction, the highest concentrations found were: Al in the site 10, (17061 mg kg') and Fe on site 6, (29898 mg kg™').
For the labile fraction, highest concentrations of metals were: Al in site 6 (1079 mg kg™'), Fe in site 9, (275 mg kg ') and Mn in site 9 (1578 mg kg™).

Using the Risk assessment code (RAC), the site 6 presents the greatest risk with high values of Cu, Mn, Pb and Zn, followed by site 1 with high values of
Mn, Cu and Zn, and site 9 with high values of Mn, Cu and Pb. On the other hand, the MacDonald PEC (probable effect concentration) and TEC (threshold effect
concentration) toxicity criteria, showed that the sites 4 and 6 have levels above the TEC for Cu, Fe, Pb and Zn, and levels above the PEC at six sites for Mn.

Keywords: Lluta River, sediment, heavy metals. Risk assessment code (RAC), Threshold effect concentration (TEC), Probable effect concentration (PEC).

I. INTRODUCTION

Northern Chile is characterized by water scarcity. The Lluta River, located
in the XV region of Arica and Parinacota, is the one of the main rivers in
northern Chile (Figure 1) This River it originates in the pre-Andean foothills
of the Parinacota Province, a few kilometers north of the border with Peru,
and ends 4 km north of the city of Arica. The Lluta River basin begins at more
than 3900 meters above sea level, at the confluence of Caracarani creek and the

Sulphur River, with an average flow of 2300 L s'. Over 36 km, the river runs
in a southeasterly direction and then begins slowly to turn westbound at the
height of Socoroma, and then to expand out of its canyon from Chironta, more
than 70 km away from the sea. In this last stretch the first agricultural crops that
use water from this River begin. Finally, the river flows into an estuary with
an extensive beach a few kilometers from Arica, close to Villa Frontera. The
estuary is a resting place for several species of migratory birds, such as gulls,
shorebirds, and others.!
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Figure 1. Lluta River basin.

In 2003 CONAMA, included this wetland in the list of 68 Priority Sites
for Conservation of Biodiversity in Chile, and subsequently by decree 106: 28-
11-2009 the Ministry of Education declared the mouth of the Lluta River as a
Nature Sanctuary Wetland. This wetland in a desert area enables the presence
of abundant aquatic vegetation including of 130 bird species. The mouth of the
Lluta River is frequented by waterfowl and land birds which feed and bathe,
and is an important part of the life cycle of river shrimp and mullet. Moreover
aquatic macrophytes vegetation supports an important biodiversity of aquatic
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insects and mollusks **.

This river presents high levels of electrical conductivity (EC) >2 mS/cm),
boron concentrations (0.1-0.6 mg/L) and arsenic (16-25 mg/L). * High EC and
arsenic (As) values are due, in part, to high levels of dissolved heavy metals,
metalloids and sulfate discharged into surface waters in the upper sections of
the valley.® The elevated levels of these contaminants reduce the agricultural
productivity and variety of species can be cultivated within the valley.” ®
Agricultural products obtained are of great importance for the consumption of
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the inhabitants of the area.

Sediments are layers of finely divided material covering the bottoms
of rivers, streams, lakes, reservoirs, bays, estuaries and oceans.” Among the
chemical species that can be found in sediment are heavy metals. The mobility
of heavy metals depends on physical, chemical and biological processes,
which are influenced by the mass exchange at the sediment-water interface.
Concentration of metals within bottom sediments can consequently be 1-3
orders of magnitude greater than in the overlying surface water.'!>!" However,
the transport of heavy metal in rivers are reversible, accumulated heavy metals
may be remobilized from sediments by natural processes and man-made
changes in external parameters such as pH, which may change due acid rain
and complexing agents.'> Heavy metals in river bottoms may cause various
effects on the water quality; because of this the capacity to accumulate metals,
levels of toxicity and metal stabilization in sediments have been considered
as a pollution index of a territory.'* Therefore, the analysis of heavy metals in
sediments could indicate contamination that cannot be detected in water analysis
and also provides information about critical areas in aquatic system.'*'* The
study of heavy metals in water and sediments is important due to their toxicity,
persistence and rapid accumulation by living organisms. Heavy metals not only
will affect the environmental health of an aquatic system directly, they can also
do so indirectly, by releasing pollutants into the water column, making them
available to the organisms living in it. Under certain environmental conditions,
heavy metals may accumulate to a toxic concentration, and cause ecological
damage.?*?!

In comparison with measurements of total metal concentrations,
investigations of metal speciation in sediments are more important in providing
sufficient information concerning their bioavailability and toxicity, as these
characteristics are often dependent on chemical form or chemical species.?>?*
Although it is possible to determine the concentration of total metals,
recognizing environmental alterations via enrichment in the sediment, this does
not provide information on the fraction available to the organisms. This fraction
is composed of chemical forms that can incorporate metals to organism’s food
chains, where it is of paramount importance the quantification, control and
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treatment of these possible toxic agents. Depending on how available the metal
is in solution, benthic organisms and microorganisms are able to capture it,
ingesting it along with food and beginning to mobilize the metal through the
trophic chain.?

Many researches have tried to create tables and indexes that refer to the
level of toxicity of chemical species present in the sediments and their uptake
into water. Currently, there are three indexes most often used for heavy metals.
First, the Risk Assessment Code (RAC), which evaluates the availability of
the metals in solution by the ratio between the soluble fraction and the total
fraction in the sediment, which indicates the percentage that will pass to the
water column.?®?” The second and third indexes are sediment quality standards
for fresh water 2*: TEC (threshold effect concentration) and PEC (probable
effect concentration), making reference to the minimum concentrations of
a metal considered toxic for the biota and another beyond which negative
impacts are expected frequently.

The goal of this study was to determine the concentrations of seven heavy
metals: Al, Cu, Fe, Mn, Mo, Pb and Zn, in the labile fraction of sediments
(soluble, exchangeable or bonded to carbonate) and as a pseudo-total fraction
in ten sites of Lluta River basin. Additionally, we estimated the possible eco-
logical risk and toxicity level by calculating the risk assessment code (RAC),
threshold effect concentration (TEC) and the probable effect concentration
(PEC) for each site.

II. MATHERIALS AND METHODS

2.1 Study area and description of the sites

Ten sample sites were distributed along the River, beginning with a site
upstream of Chacalluta Bridge and other stations downstream. Special attention
was given to sampling the mouth of Lluta wetland. Sampling was conducted
during a field campaign in October 2014. The sample sites are presented in
Figure 2.

Figure 2. Sampling stations: 1: Pluviometric Station; 2. Chacalluta Bridge; 3: Santa Rosa Channel; 4: Santa Rosa
Chanel; 5: Diatomite Plant; 6: Before the Mouth; 7: After the Mouth: 8, 9, 10: Wetland

2.2 Sediment characterization

In each site, samples of 1 kg of sediment were collected in polyethylene
flasks according to the protocol of Simpson et al. (2005) 2%, which requires
collecting samples with a plastic shovel from the top of the superficial
sediment zone. Samples were brought to the laboratory and stored at 4 °C.
In the laboratory, samples were dry and sieve <0.63 um, pH and CE were
measured by the potentiometric method. The Walkley-Black method was used
to determine organic carbon content and available phosphorus was determined
by the Olsen method.?> ** Boron was determined by the colorimetric method
using azometine and total organic carbon (TOC) by the calcination method.*

2.3 Heavy metals analysis

The heavy metals analyzed in this study were: Al, Cu, Fe, Mn, Mo, Pb and
Zn. The labile fraction of the sediments was obtained by stirring 0.25 g samples
with 40 mL acetic acid (Merck p.a.) 0.11 mol L' for 16 h, and then the samples
were centrifuged at 3500 rpm for 30 min. In order to perform the digestions
of the pseudo-total fraction of the metals microwave oven MarsXpress 5 was
used, equipped with tubes of Teflon PFA of 55 mL, protective sleeves of kevlar
and an Xpress temperature sensor. This digestion allows greater control over
the sample temperature and the heating rate than that of the heating plates.
In this way, digestion facilitated in closed containers ensuring that the trace
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analyses are accurate and precise. The pseudo-total fraction was obtained by
digesting 0.25 g of sediment with 10 mL of nitric acid (suprapur Merck) in a
microwave oven (MarsX press) using the following conditions: power 800 W;
tower 100%; time 11 min.; temperature 175 °C, maintenance 15 min.; cooling
15 min. This was based on EPA method 3051 (Microwave-assisted acid diges-
tion of sediments, sludge, soils, and oils)*' finally, the samples were kept cold
(4 °C) for posterior analysis.

Standard solutions for heavy metals were prepared from Titrisol
1000 mgL' (Merck); samples were analyzed using an atomic absorption
spectrophotometer (AAS) (Shimadzu spectrophotometer 6800, ASC-6100).
The following wavelength lines were used: Cu = 324.7 nm; Al = 309.3 nm;
Fe = 248.3 nm; Mn = 279.5 nm; Pb = 217.0 nm; Mo = 313.3 nm and Zn =
213.8 nm.

2.4 Analytical method validation and quality control

To assure the accuracy of the data reported, recovery experiments were
performed using standard reference material for sediments (BCR-320R). The
concentrations ranges were based on the limit of detection (LOD) and the limit
of quantification (LOQ) for each metal. The experiment was performed in trip-
licate using the sample from each site, and a calibration curve was obtained to
see the linear relationship between absorbance and metal concentration in the

dynamic range. The accuracy was measured in relation to coefficient of varia-
tion (CV), finding that for all the measurements performed over different days
the CV was less than 5%. The method showed good accuracy with recovery
values between 99 + 3 and 104 + 1% in relation to the reference material, The
LOQ of the metals in the total fraction was Al =0.063; Cu = 0.007; Fe = 0.54;
Mn = 0.024; Mo; = 0.0002; Pb = 0.402; Zn = 0.001.

2.5 Statistical analysis
In this study the statistical analysis of the results was based on cluster
analysis (CA).>> CA was performed from original data in order to reduce the
variant biases. The Furthest Neighbor method was applied and dissimilarly by
city-Block distance. Statistical treatment of the data was carried out using R
(version 2.15.2, The R Foundation for Statistical Computing).
III. RESULTS AND DISCUSSION

3.1. Physical-chemical characterization of sediments.

The following tables show the results obtained for the physicochemical
characterization of the sediments of the Lluta River basin.

Table 1. Summary of the chemical characteristics measured in sediments. Each measurement was performed in duplicate, with their

respective standard deviation (SD).

Sites pH (H,0) CE (mS-cm™) P (mgKg™") B (mg-Kg™") OC (%) | TOC (%)
1 7.31+0.02 2.34+0.04 7.91+0.08 7.38£0.01 0.26 1.37
2 7.75+£0.01 1.27 £0.02 6.78 £0.03 8.33+0.07 0.13 0.60
3 7.65+0.05 0.82+0.03 4.49+0.01 6..85+0.02 0.25 0.33
4 7.23£0.02 2.44 £0.01 8.28 £0.05 11.85+0.01 0.40 1.22
5 7.38+0.05 1.44+0.04 11.22 £0.02 4.61 +0.08 0.20 1.11
6 7.60 +0.02 7.34£0.05 13.92 £ 0.05 37.78 £0.03 0.47 1.22
7 7.37+0.05 2.37+0.02 9.26 +0.05 9.56 +0.09 0.07 0.41
8 8.71+0.02 12.17 £ 0.06 7.67+0.01 76.34 +£0.02 0.34 1.40
9 7.40 £0.02 2.54+0.01 18.28 +0.09 6.29 £0.04 0.27 1.02
10 7.40 +0.03 4.00 +0.04 9.32+0.03 14.23 £0.01 1.21 3.18

In table 2, it is possible to observe that in sites 1, 4, 5 and 7 has a neutral pH
value, the sites 2, 3, 6, 9 and 10 are moderately basic and the site 8 is slightly
alkaline. The lowest pH corresponds to the site 4 with a value of 7.23 and the
highest corresponds to the site 8 with a value of 8.71, this results is similar to
values found in other basins.*

Sediment acidity determines the availability of metals in solution; most
metals tend to be more available in acid media because of the absence of
hydroxicomplex, which precipitates at basic pH.** However, As and Mo are
exceptions since they are more available in alkaline media. Furthermore,
studies on heavy metals have revealed that at levels of moderately basic
pH (i.e.: between 6 and 8) a higher percentage of metals are adsorbed.® In
this case, the neutral or slightly alkaline pH could mean that metals are less
available to water and adsorbed in the sediment.

Based on electrical conductivity (EC) it can be inferred that sites 2, 3
and 5 (0.82 to 1.44 dSm) are not saline, sites 1, 4, 7, 9 and 10 (2.34 to 4.00
dSm") are slightly saline, 6 site (7.34 dSm™) is moderately saline and site 8
(12.17 dSm™) is very saline. Higher electrical conductivity is due to greater
concentrations of dissolved salts, which may be due to contamination of
effluent from surrounding industries, urban areas or natural conditions.

The Lluta River presents high levels of salinity (electrical conductivity
(EC) > 2 mS/cm). High EC and arsenic values are due, in part, to high levels of
dissolved heavy metals and metalloids discharged into the surface waters in the
upper sections of the valley.®

The highest percentages of easily oxidizable organic carbon (OC) and total
organic carbon (TOC) correspond to the site 10, with values of 1.21% and
3.18% respectively. The lowest concentrations correspond to the site 7 for OC
=0.07% and site 3 for TOC = 0.33%. The highest content of OC was found at
the site 10 which may be due to the accumulation of sediment in the wetland.
Here the flora and fauna is wide and varied, contributing organic waste to the
sedimentation at this site. Furthermore, this last OC measurement likely has a
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greater accumulation due to the movement of streams which end in the southern
sector of the wetland. Importantly, organic carbon affects the distribution of
metals, since these may be retained or complexed chelates. As such, a higher
percentage of carbon could mean a lower concentration of available metals
retained in the sediment and vice versa. In addition, the degradation of organic
carbon may cause a shift to a more acidic pH.

The highest amounts of phosphate were found at sites 9, 6 and 5, which
correspond to mesotrophic sites, while sites 8, 2 and 3 had lower measurements
of phosphate and can be considered oligo mesotrophic and ultra-oligotrophic
sites. The content of available phosphorus in the sediment is an indicator of
water quality, because it is directly related to the availability of this element
in the water column. High levels of this nutrient can lead to problems of eu-
trophication in the system. If found in excess, P contributes to the formation
of sparingly soluble compounds or complexes with heavy metals as Al and
Fe. The high value of phosphorus found on the site 9 is due to the wetland in
which the sample was taken, where vegetation comprises a varied ecosystem.
Considering the character of phosphorous a macronutrient, this high value is
consistent with the values of OC determined (table 1). High vegetation levels at
Sites 6 and 5 indicated the possibility of high levels of phosphorus, which were
corroborated by the analysis.

In the case of boron, sites 8, 6 and 10 have high levels and lower values
were found in sites 3, 9 and 5. Boron is an essential micronutrient for normal
plant development.*® Mainly, boron enters the environment weathering of
rocks with boron or from sea water in vapor form of boric acid, but it also has
an anthropogenic source through the use of boron-containing fertilizers and
herbicides, the burning of plant products such as wood, coal or oil, and the
generation of waste from the extraction and processing of borates. Organic
boron is an important fraction of the total boron, and in general, samples with
the most organic matter have a higher amount of boron, in this case: sites 4, 6,
8 and 10. High of boron levels are indicative of the location of the sediment, in



this case, before the mouth of the river and the wetland. In general it has been
found that numerous micronutrients, including boron, have a low concentration
threshold which is useful. Under this threshold plants can show abnormalities
due to deficiency and toxicity by excess.

The elevated levels of boron in the Lluta River reduce the agricultural
productivity and the variety of species that can be cultivated within the valley.
In addition, agricultural soils also present high concentration of boron because
of the deposition of soluble boron from irrigation water which comes from the
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river and groundwater further restricting agricultural activities?.
3.2. Concentration of heavy metals in sediments
3.2.1 Pseudo-total fraction

Of the seven metals considered in the study (table 2), only six were found.
Molybdenum was under the limit of detection (<LOD).

Table 2. Al, Cu, Fe, Mn, Pb and Zn concentrations (mgkg™"). Each value is the mean of three samples. SD = standard deviation. LF (labile fraction); TF (total

fraction).
Al Cu Fe Mn Pb Zn
Sites LF TF LF TF LF TF LF TF LF TF LF TF
1 550£3.0 | 117314200 | 17+0.4 54+0.2 146+2.0 | 16076100 | 950+4.0 | 1295+10 19+4.0 71£10 73+0.8 184+7.0
2 396+0.0 | 14428+300 | 33+0.3 112+0.8 7242.0 | 14294+500 | 898+0.1 | 3215+1.0 | 10+4.0 55+3.0 60+0.5 211+4.0
3 331£5.0 | 143024100 | 13+0.6 49+2.0 1540.8 | 19670+400 | 177+3.0 | 527+10 2243.0 81+3.0 36+0.9 184+20
4 481+15 | 13863+900 7+0.1 38+0.8 13842.0 | 26830+200 | 97+2.0 354+1.0 15+5.0 41£30 31+0.6 211£3.0
5 175+0.0 | 15995460 | 2.8+0.1 34+0.1 9+0.5 124124800 | 57+1.0 321+5.0 10+0.0 4143.0 1242.0 85+2.0
6 1078+10 | 12609+800 | 31+0.8 81+2.0 12340.1 | 29898+900 | 964+0.1 | 251750 | 2749.0 58+7.0 130+0.5 361+40
7 456+10 11355+60 11£0.2 4440.2 24+0.9 | 152844300 | 814+4.0 | 2938+0.4 | 11+3.0 71£7.0 64+2.0 200+20
8 198+8.0 | 135504600 | 22+0.6 61+0.4 124£0.1 | 11654+200 | 317+£5.0 | 1459+30 18+5.0 48+3.0 2242.0 102+0.5
9 479+8.0 | 14177+100 | 29+0.2 67+1.0 27542.0 | 19934+700 | 1577420 | 2333+£30 | 22+4.0 68+10 3543.0 178+50
10 25610 | 170614400 | 11+0.0 56+0.6 238+7.0 | 12314+70 82+0.1 228+0.7 18+0.0 71£7.0 23+0.8 115+0.5

Aluminum concentrations in the total fraction were found in greater values
at sites 10, 5 and 2, and lower values at sites 6, 1 and 7. Iron concentrations
were higher in sites 6, 4 and 9, while lower concentrations were found in sites
5, 10 and 8. High levels of manganese were found at sites 2, 7 and 6, and
lower concentrations were found at sites 4, 5 and 10. The higher content is
likely associated with an anthropic effect, as naturally, this element has only
an abundance of 0.10%. However, there are numerous studies showing the
abundance of this element in river systems.*

Table 2 shows that Zn was found in high concentrations at all sites. Zinc
was present in the highest concentration at site 6, compared to other places
sampled. Lower concentrations were found at sites 10, 8 and 5; the latter was
much lower regarding other Lluta River sites. Copper and lead varied depend-
ing on each site, but tended to remain relatively constant in relation to zinc.
Copper had the highest values at sites 2, 6 and 9 and the lowest in 7, 4 and
5. Lead had the highest values at sites 3, 7 and 10 and the lowest at sites 8, 5
and 4. The values of lead found were relatively low, indicating little human
intervention.

The analysis of pseudo-total fraction of heavy metals in other rivers of
Chile (Choapa, Cachapoal, Aconcagua), In general it is possible to observe that
the values found in the others river are relatively similar to the values found
in Lluta River.”’

3.2.2. Labile fraction.

The metals present (table 2), in sediment can be found in various chemical
forms. However, the soluble or labile fraction is the most important since it is
from this fraction which metals can be mobilized into the water column.

As in measurements of total metals of the seven elements studied, only
six were found in the labile fraction; molybdenum was under the detection
limit (<LOD).Table 2 shows that both manganese and aluminum were largely
available. Manganese showed high values at sites 9, 6 and 1. Sites with higher
amounts of aluminum corresponded to 6, 1 and 4, whereas those with lower
amounts 10, 8 and 5. Unlike in the samples of total metals where iron was
found in a high concentration, this element was less available. Sites with higher
iron concentrations were 9, 10 and 1, and the lowest concentrations were found
in 3, 8 and 5. Low iron availability was the result of increased pH, conditions in
which soluble iron decreases. At a pH close to 2 the amount of Fe (III) begins
to decrease in solution, which occurs in conjunction with Al. Acetic acid used
in the extraction of this fraction had a pH of approximately 2.9, to be consistent
with the low availability of these metals. Zn had higher concentrations at sites
6, 1 and 7 and lower concentrations at 10, 8 and 5. While this element is soluble
at pH below 7, the low concentration could be explained by the presence of

oxides and organic matter. In the measurement of soluble Zn, acetic acid was
not capable of completely destroying organic matter or oxides which could
retain this metal, limiting detection in the measured pH range. The highest
availability of copper was measured at sites 2, 6 and 9 and less was available at
10, 4 and 5. The presence of inorganic binders plays a more important role than
organic binders in both the chemical retention and the complexing of copper.

The analysis of heavy metals in labile fraction of other rivers in Chile has
produced similar results these measurements are similar to the values found in
Lluta River.”’

3.3. Risk assessment code (RAC).

The risk assessment code (RAC) uses the percentage of metals that are
exchangeable and associated with carbonates (labile fraction). In this fraction
the metals are weakly bound to the sediment and imply greater environmental
risk since they are more available to the aquatic system. The RAC was
determined based on the percentage of the total metal content that was present
in the first sediment fraction (labile fraction). Percentages of 1-10% represent
low risk, 11-30% medium risk, 31-50 % high risk and > 50 % very high risk.?>
23

Table 3. Percent of total metals in the labile fraction in sediments of Lluta
River basin. High and very high risk are displayed in bold.

Sites Al Cu Fe Mn Pb Zn
1 4.69 31.48 9.08 73.36 26.76 39.67
2 2.75 29.46 0.50 27.93 18.18 28.44
3 2.31 26.53 0.08 35.59 27.16 19.57
4 3.47 18.42 0.51 27.40 36.59 14.69
5 1.09 8.23 0.07 17.75 24.39 14.11
6 8.55 38.27 0.41 38.30 46.55 36.01
7 4.01 25.00 0.16 27.71 15.49 32.00
8 1.46 36.07 0.10 21.72 37.50 21.56
9 3.38 43.28 1.38 67.60 32.35 19.66
10 1.50 19.64 1.93 35.97 25.35 20.00

As shown in table 3, the percentages of available aluminum and iron have
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a predominantly low risk. The low availability of these metals is due to its low
solubility at pH range of extraction (approx. 2.9), which prevented a significant
soluble concentration. Cu, Mn, Pb and Zn were medium to high risk at most
sites. The sites at the highest environmental risk were 1, 6, 9 and 10. There
metals may be transferred to the water column, since higher metal values in
the soluble fraction represent a greater percentage of the total concentration
and are soluble at a greater range of pH, which is also complemented by the
oxygenation of the water.

In other studies we found similar results for Al and Fe, which were
observed in high concentrations in the mineralogical sediment fraction, while
Cu, Mn and Zn were bound to carbonates, organic matter or in the exchangeable
fraction.”’

3.4. Toxicity indices, PEC and TEC

TEC and PEC values are shown for five of the six heavy metals found
in sediments, because there are not values for Al. The TEC value indicates
the concentration below which adverse effects are expected to occur rarely
and PEC value indicates the concentration above which adverse effects are
expected to occur frequently.?’

For Fe, TEC and PEC concentrations are 20000 and 40000 mg kg
respectively, so the concentration of Fe found in sediments (table2), indicates
that sites 4 and 6 were above TEC values but below PEC values. Similarly for
Cu, TEC and PEC concentrations are 32 and 150 mg kg respectively, so the
concentration of Cu found in sediments (table 2) were all the sites above TEC
values, but below PEC values. For Mn, TEC and PEC concentrations are 460
and 1100 mg kg™, respectively, so the concentration of Mn found in sediments
(table 2) indicates that the site 3 was only above TEC values, but the sites 1, 2,
6,7, 8 and 9 were above PEC values. For Pb, TEC and PEC concentrations are
36 and 130 mg kg'!, respectively, so the concentration of Pb found in sediments
(table 2) for all sites were above TEC values, but below PEC values. For Zn,
TEC and PEC concentrations are 120 and 460 mg kg respectively, so the
concentration of Zn found in sediments (table 2), indicates that the most of sites
were above TEC values, except sites 5, 8 and 10. All the sites were below PEC
values for Zn. Of the five metals considered, Cu, Mn and Zn were the elements
which present the greatest toxicity based on the TEC and PEC analysis, to
microorganisms in these aquatic systems.

3.5. Cluster Analysis.

Three cluster analyses were conducted. In the first cluster analysis,
the parameters considered were the physicochemical characteristics of
sediment: pH, EC, OC, OTC, available P and B for each site. Furthermore, the
concentrations of labile and total fraction of metals were analyzed in separate
clustering to identify the relationships for each site and similarities between
them.
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Figura 3. Dendrograms of Lluta River Basin, a) pseudo-total fraction
of heavy metals, b) labile fraction of metals c) Physical and chemical
characteristics.

Figure 3a, shows eight groupings based on heavy metals concentration in
the pseudo-total fraction. Group 7 represents has the greatest affinity among
sites, in this case between sites 5 and 10. Overall, these groups does not show
a large variation of concentrations compared. In group 2, sites 6 and 4 have
less in common; leading up to group 1 and 3, where the Euclidean distance is
greatest.

Figure 3b, shows six groups identified by similarities in the heavy metal
concentrations of labile fraction. Group 1 and 2 shows that the sites 9 and 6
have very similar heavy metal concentrations in labile fraction. Following this
group are groups 3, 4 and 5, considering sites 1, 10, 4, 5, 8 and 3 with similar
characteristics. Overall, these groups do not show a large variation of conce-
trations compared. Groups 6 in sites 7 and 2 where the Euclidean distance is
similar.

Figure 3c, shows four groups that bring together the similarities of the
sites on the basis of their physicochemical characteristics. Group 4, consists of
the sites 10, 3, 7, 4, 2 and 1, and shows that the sites 1 and 2 have very similar
physicochemical characteristics because their Euclidean distance in the den-
drograms is close to zero. Sites 7 and 4 are the next closest pairing with similar
characteristics. Overall, this group does not show wide variation in parameters
compared. The Euclidean distance is much greater for groups 1, 2 and 3.

4. CONCLUSIONS

- Sites 2 and 6 have the highest levels of Cu, Fe, Mn Zn and Al.
These values may be explained because site 6 is located at the mouth of the
river towards the wetland where heavy metals may accumulate, while site 2 is
located near a railroad line.

- The highest concentrations of labile metals were found at sites



1, 6 and 9. These sites are located in the central sector of the wetland site 9,
fluviometric station site 1 and the mouth of the river site 6.

- The levels of manganese along the river are worrisome. The
indexes of MacDonald and RAC indicate a high level of danger for the biota
of the river.

- The site with the lowest amount of available metals in the labile
fraction was 5. RAC and MacDonald indexes present a low risk for water and
most metals are below or just above TEC, which would suggest that the site is
non-toxic for biota.

- Using the RAC code, the sites that present greatest risk are sites
1 and 6. On the other hand, using the toxicity levels of MacDonald, we found
that sites 2 and 6 have levels 1/3 above the TEC for Cu, Fe, Pb and Zn, and six
sites reach levels of the PEC for Mn (1, 2, 6, 7, 8 and 9).

- Using cluster analysis, we can see that some sites have similar
features, such as 1, 2, 3, 4, 5 and 10 in terms of their physicochemical charac-
teristics, while sites 9, 8 and 6 are the most different. While in terms of total
fraction of metals most of sites were similar and in terms of labile fraction sites
6 and 9 had the greatest Euclidean distance.

- Special consideration should be given to the Lluta River as it
feeds numerous irrigation channels used by the local agricultural sector. The
findings of this study should be used to keep the river in optimal conditions,
and provide the baseline for continued monitoring. Moreover, for the environ-
mental care of the river’s wetland habitat, the study of bird species is needed.
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